lated behaviors can have huge costs with regard to workers' productivity and welfare. Not only completed suicides but also non-fatal suicidal ideation, plans, and attempts can cause serious economic burdens in the workplace. 2 Therefore, it is important to identify risk and protective factors for suicidal behaviors at work and use them to prevent suicide.
INTRODUCTION
Suicide is a leading cause of death in working-age populations. In Korea, suicide was the highest cause of death among people in their 20s and 30s, and the second highest cause of death among those in their 40s and 50s in 2017. 1 Of the Korean workers who died in 2017, the deaths of 13.69% were due to suicide. 1 It is known that those who complete suicide have generally previously made 10 to 20 attempts. 2 Suicide and re-previous studies have been limited by their cross-sectional nature, there is growing evidence to suggest an association between poor employment-related psychosocial conditions and suicidality. Psychosocial stressors in the workplace can affect mental health by interacting with vulnerability and protective factors. However, there have been few studies on the relationship between individual protective factors and occupational stress and suicidality in the domain of job-related mental health.
Resilience refers to an individual' s ability to successfully cope with stressors and changes in the environment and maintain psychological well-being despite adversity. The concept of resilience first received attention with observations of people who recovered and adapted better than others after experiencing severe stressful events. 7 At first, resilience was regarded as a fixed personality trait. 8 However, in animal and human studies, it has been observed that coping ability is strengthened in response to environmental risks and protection. 8 Therefore, recently, resilience has come to be regarded not as a "fixed trait" but a "dynamic process" that changes and improves with environmental stimuli. 8 As the concept of resilience has developed, studies have been conducted to investigate its relationship with mental illness in people exposed to specific stressors and to prevent mental illness by providing training or fostering an environment that can enhance resilience.
In resilience research, the workplace has attracted attention as an environment where individual resilience can be developed and promoted as a protective factor for mental health problems. In previous studies, resilience was reported to be a protective factor for depression and posttraumatic stress disorder in certain occupational groups known to be at high risk of trauma or those who experience occupational stress. [9] [10] [11] A systematic review of 14 studies from 2003 to 2014 reported that training in improving resilience in the workplace could improve mental health problems such as stress, depression, and anxiety. 12 However, few studies have investigated the association between resilience and suicidality among workers. In the general population, there has been increasing interest in the association between resilience and suicidality, with studies associating a low resilience score with an increased risk of suicide attempts. 13 In a lifespan analysis study, a low level of resilience was shown to predict greater suicidality in all ages. 14 A review of studies on moderators affecting suicidality proposed a "buffering hypothesis" that can explain how resilience reduces suicide risk. 15 As per the buffering hypothesis, resilience can moderate the impact of the existing risk of suicidality, such as a negative attributional style, excessive perfectionism, and hopelessness. 15 Therefore, in this study, we aimed to investigate the association between resilience and suicidality among workers. Further, we aimed to determine the influence of resilience on different levels of suicidality, which is a comprehensive term including suicidal ideation (thoughts of ending one's life), suicide plans (strategies for how to end one' s life), and suicide attempts (usually non-lethal self-harm behavior, while some are willing to die). In the study population, we hypothesized that 1) high resilience is related to a low incidence of suicidal ideation and 2) high resilience is related to a low incidence of suicide plans among participants with suicidal ideation and a low incidence of suicide attempts among participants with suicide plans.
METHODS

Study participants
This study was part of the Kangbuk Samsung Workplace Mental Health Study, a cross-sectional study of male and female Koreans aged 18 to 63 years who attended a mental health checkup program at the Workplace Mental Health Institute, Kangbuk Samsung Hospital in Seoul, Korea. Participants comprised workers from 26 companies and local government organizations, and voluntarily participated in mental health examinations upon invitation from their companies: 10 companies in the fields of service (three providing educational services, two providing health services, three providing business services, and two hotels), two companies in the field of transportation and communications (one transportation company and one broadcasting company), three companies in the field of finance, insurance, and real estate (three insurance companies), three companies in the field of construction, three companies in the field of manufacturing, three companies in the field of wholesale trade, and two public administrations, based on the United States' Standard Industrial Classification division structure. 16 The present study was conducted between June 2015 and April 2017. From the initial 4,405 respondents, we excluded those with incomplete questionnaires or missing sociodemographic information. The final sample size was 4,389 (2,432 males, 1,957 females). The study was approved by the Institutional Review Board of Kangbuk Samsung Hospital (IRB no. KBSMC 2013-01-217), which waived the informed consent requirement as we only used de-identified data routinely collected in the workplace mental health screening checkups.
Measures
Suicidality
Suicidality was assessed using a self-reported dichotomous question, the response options for which were "Yes" or "No. " The question is part of the Korea National Health and Nutrition Examination Survey conducted annually by the Korean government to investigate the level of public health and compile statistics to establish and evaluate public health policy. 17 Participants' responses were categorized into groups according to their suicide status during the previous year as follows: 1) those who had never considered suicide, 2) those who had experienced suicidal ideation, 3) those who had made suicide plans, and 4) those who had attempted suicide. To assess suicidal ideation, participants were asked whether they had ever seriously wanted to commit suicide during the past year ("Over the last year, have you ever felt you would be better off dead?"), with response options of "Yes" or "No. " To determine the existence of a suicide plan, participants were asked whether they had ever made a specific plan for suicide during the past year ("Over the last year, have you ever planned how to commit suicide?"), with response options of "Yes" or "No. " The presence of a suicide attempt was also measured by a question regarding if they had ever attempted self-harm or suicide during the previous year ("Over the last year, have you ever attempted selfharm or suicide?"), with response options of "Yes" or "No. "
Sociodemographic factors
The sociodemographic factors collected for the purpose of this study were age, gender, educational level, marital status, job grade, and years at current job. Educational level was categorized into two groups, with those with master' s and doctorate degrees referred to as the highly educated group. Marital status was delineated as married or single (being single included never married, separated, divorced, and widowed individuals), and job grade as low (members of staff or assistant managers) or high (executive team members, general managers, deputy general managers, or managers).
Occupational stress
Occupational stress was measured using the short form of the Korean Occupational Stress Scale (KOSS-SF) developed to measure employees' job stress in Korean workplaces. 18 The KOSS-SF is a self-reported questionnaire comprising 24 items measured on a four-point Likert scale (1 to 4) . In this study, Cronbach's alpha for the KOSS-SF was 0.643. Some papers have asserted that an acceptable threshold for Cronbach's alpha is typically ≥0.70. 19 Previously, the KOSS-SF has demonstrated good internal consistency and validity within seven subscales: job demand, lack of job control, interpersonal conflict, job insecurity, organizational system, insufficient reward, and organizational climate. 18 However, in this study, the analyses that follow use the overall KOSS-SF score, not those of the seven subscales, to determine internal consistency; therefore, Cronbach's alpha for the KOSS-SF is relatively low.
Psychiatric symptoms
Depression and anxiety levels were assessed using the 20item Center for Epidemiological Studies Depression (CES-D) scale 20,21 and the 21-item Beck Anxiety Inventory (BAI), 22 respectively. Both are self-reported questionnaires with responses measured on a four-point Likert scale ranging from 0 to 3 points, and both have been confirmed to have high internal consistency and validity. [20] [21] [22] In this study, Cronbach's alphas of the CES-D and BAI were 0.861 and 0.937, respectively, indicating high levels of internal consistency in the context of our sample.
Resilience
The Korean version of the Connor-Davidson Resilience Scale (K-CD-RISC) was used to measure resilience. 23 The self-reported K-CD-RISC consists of 25 items measured on a five-point Likert scale ranging from 0 to 4 points. Previously, the K-CD-RISC demonstrated good reliability and validity (Cronbach's alpha=0.93, test-retest reliability=0.93). 23 In this study, Cronbach's alpha of the K-CD-RISC was 0.995, indicating a high level of internal consistency in the context of our sample.
Statistical analysis
The distribution of sociodemographic and psychological characteristics across the study population was calculated. For univariate analyses, we used Mann-Whitney-U tests to compare means of continuous variables because of non-normal distribution, and chi-square tests to compare proportions of categorical variables between participants with and without suicidal ideation.
To determine the influence of resilience on the suicidality of workers, we performed hierarchical logistic regression analyses. First, a hierarchical logistic regression analysis of all participants was conducted with suicidal ideation as the dependent variable. Second, we conducted a hierarchical logistic regression analysis of participants with suicidal ideation using a suicide plan as the dependent variable. Third, we conducted a hierarchical logistic regression analysis of participants with a suicide plan using a suicide attempt as the dependent variable.
The model design was identical for all three analyses. In model 1, the association of sociodemographic factors and suicidality was tested. Occupational stress was added in model 2 to test the associations of occupational stress beyond the effects of sociodemographic factors. Psychiatric symptoms were added in model 3 to test the associations of depression and anxiety beyond the effects of sociodemographic factors and occupational stress. Finally, resilience was added in model 4 to test the associations of resilience beyond the effects of sociodemographic factors, occupational stress, and psychiatric symptoms. Statistical significance was set at α=0.05 (two-sided). We used the Complex Samples module of the PASW statistics software package, version 19 (SPSS Inc., Chicago, IL, USA) to conduct all analyses.
RESULTS
Characteristics of the participants
Sociodemographic factors, occupational stress, psychiatric symptoms, resilience, and suicidality status are described in Table 1 . The mean age of the participants was 39.6±10.2 years, and 11.9% of them had a high educational level. The mean job duration was 13.0±10.4 years, and 35.6% of the study population was in high-grade jobs. A total of 36.0% of the study population was single (never married, separated, divorced, or 
Results of hierarchical logistic regression analyses of all participants with suicidal ideation as the dependent variable
The results of the hierarchical logistic regression analysis that tested the association of suicidal ideation with sociodemographic factors, occupational stress, psychiatric symptoms, and resilience are summarized in Table 2 . The results of all four models of the hierarchical logistic regression revealed significant overall model fit. In the analysis of model 4, both model χ 2 (786.586, p<0.001) and the Nagelkerke R 2 value (0.259, explaining about 25.9% of the variance in the dependent variable) indicated that the model was adequate to explain suicidal ideation. Examining the practical usefulness of the model according to classification accuracy, 10 variables in analysis model 4 considerably enhanced its explanation accuracy to 82.4% for the group membership of the dependent variable. Wald statistics were used to see if each indicator had a significant individual relationship with suicidal ideation. Among the independent variables, being female and being single were statistically associated with suicidal ideation. In addition, age, KOSS-SF score, CES-D score, and BAI score were statistically associated with suicidal ideation. Furthermore, job duration and K-CD-RISC score were statistically associated with suicidal ideation. High educational level and high job grade were statistically associated with suicidal ideation in analysis models 1, 2, and 3. However, educational level and job grade became statistically non-significant in analysis model 4. After accounting for the influence of other variables, the odds ratio of 0.980 in the K-CD-RISC means that a positive increase in one unit of the K-CD-RISC decreased the probability of suicidal ideation by 0.98 times.
Results of hierarchical logistic regression analyses of participants with suicidal ideation with a suicide plan as the dependent variable
The results of the hierarchical logistic regression analysis that tested the association of having a suicide plan with sociodemographic factors, occupational stress, psychiatric symptoms, and resilience among participants with suicidal ideation are summarized in Table 3 . The results of all four models of the hierarchical logistic regression revealed significant overall model fit. In analysis model 4, both model χ 2 (87.408, p<0.001) and the Nagelkerke R 2 value (0.137, explaining about 13.7% of the variance in the dependent variable) indicated that the analysis model was adequate to explain having a suicide plan. Examining the practical usefulness of the model according to classification accuracy, 10 variables in analysis model 4 considerably enhanced its explanation accuracy to 74.5% for the group membership of the dependent variable. Wald statistics were used to determine if each indicator had a significant individual relationship with having a suicide plan. Among the independent variables, age and BAI score were statistically associated with having a suicide plan in analysis model 4. The KOSS-SF score was statistically associated with having a suicide plan in analysis models 2 and 3. In addition, job duration was statistically associated with having a suicide plan in analysis model 2. Furthermore, CES-D score was statistically associated with having a suicide plan in analysis model 3. However, KOSS-SF score, job duration, and CES-D score became statistically nonsignificant in analysis model 4. In addition, the K-CD-RISC score did not demonstrate a statistically significant influence on having a suicide plan among participants with suicidal ideation. 
Results of hierarchical logistic regression analysis of participants with a suicide plan with self-harm and suicide attempts as the dependent variable
The results of the hierarchical logistic regression analysis that tested the association of suicide attempts with sociodemographic factors, occupational stress, psychiatric symptoms, and resilience among participants with a suicide plan are summarized in Table 4 . The results of all four models in the hierarchical logistic regression revealed non-significant overall model fit. K-CD-RISC score did not demonstrate a statistically significant influence on suicide attempts among participants with a suicide plan.
DISCUSSION
To summarize the results, among the sociodemographic factors, older age, being female, and being single were statistically significantly associated with suicidal ideation. A high level of job stress, depressive mood, and anxiety, in addition to a short job duration, were also associated with suicidal ideation. Resilience was a significant protective factor for suicidal ideation after adjusting for all other variables. Older age and high anxiety levels were associated with having a suicide plan among participants with suicidal ideation. The association of resilience with suicide plans and suicide attempts was non-significant.
In this study, older age was statistically associated with suicidal ideation among all participants and associated with having a suicide plan among participants with suicidal ideation. In addition, being female and being single were statistically associated with suicidal ideation. In general, the suicide rate increases with age, and the highest rates among males and females are after 45 years and 55 years, respectively. 24 Depression, physical illness, impaired functioning, and the death of a spouse have been known to contribute to suicide in old age. 25 It has been suggested that the deterioration of cognitive and physical functions and the impairment of work capacity may affect the association between older age and suicidality among workers. Among females, suicidal ideation and suicide attempts tend to be three times higher than among males, although suicide completion is four times more prevalent among males. 24 Among females as compared to males, more frequent suicidal ideation and behavior can be attributed to a twofold higher 26 Females also tend to express their distress through suicidal behavior without the intention to die and to report suicidal thoughts and plans more often than males. 27 This may explain why suicide attempts are common in females but are less likely to lead to actual suicide as compared to males. Also, previous studies on gender differences in occupational stress have suggested higher occupational stress among females because of multiple and conflicting role demands at home and in the workplace. 28, 29 In addition, female workers have been reported to experience high occupational stress because of their poorer job conditions compared to males, including low job grade, lack of decision latitude, long working hours, and high work strain. 30, 31 These gender differences in occupational stress may have been responsible for the increased suicidal ideation and plans in female workers in this study. In the general population, marriage significantly reduces the risk of suicide, while being single doubles it. 24 According to Durkheim's social integration theory of suicide, marriage can reduce the risk of suicide by facilitating social support. In addition, by giving individuals an opportunity to care for another person, marriage encourages altruism and social integration. 32 However, if this integration is broken through divorce and bereavement, the risk of suicide increases. 33 A longitudinal study of large populations and a systematic review of 84 papers have supported this theory. 33, 34 In this study, a high level of job stress was statistically associated with suicidal ideation, but was non-significant with regard to suicide plans and attempts. A systematic review and meta-analysis 6 examined the relationship between various work stressors and suicidal ideation, attempts, and completion. According to the results, a higher risk of suicidal ideation was associated with poor job support from supervisors and coworkers as well as work insecurity. Moreover, the higher risk of both suicide attempts and completion was associated with low job control. In addition, general self-reported occupational stress and exposure to work stressors were related to suicidal ideation, attempts, and completion. 6 In this study, depressive mood and anxiety were statistically associated with suicidal ideation. In addition, a high level of anxiety was statistically associated with having a suicide plan among participants with suicidal ideation. It is known that about 95% of people who attempt or commit suicide have a diagnosed mental illness, and depressive disorder accounts for 80% of these people. 24 In addition, the literature identifies severe anxiety and agitation as risk factors for suicide. Almost 20% of patients with an anxiety disorders such as panic disorder and social phobias make unsuccessful suicide attempts. 24 Agitation was identified as one of the strongest predictors of short-term suicide in patients with depression and as one of the predictors of near-lethal attempts. 35 In this study, resilience was a significant protective factor for suicidal ideation after adjusting for all other variables. Previous studies on substance-dependent patients have related low resilience to a high risk of suicide attempts. 13 In a lifespan analysis study, low resilience was shown to predict a high likelihood of suicidal ideation for all ages in a community sample. 14 Some researchers have proposed various definitions of suicide resilience-a capability, resource, or competitiveness to control suicidal ideation 36 -and identified it as an internal factor protecting against suicidality. 37 Further, one study contended that suicide resilience is a positive coping appraisal, which implies individual confidence in the ability to perform specific actions when dealing with difficult life situations. 38 A subsequent study presented the buffering hypothesis of resilience against suicidality, in which resilience can moderate the impact of existing risk factors for suicidality, such as a negative attributional style, excessive perfectionism, and hopelessness, 15 which may act as risk factors in the workplace as well. In this study, the association of resilience with suicide plans and attempts was nonsignificant. This result contradicted our hypothesis that high resilience among workers is related to a low incidence of suicide plans among participants with suicidal ideation and a low incidence of suicide attempts among participants with suicide plans. This non-significant influence beyond suicidal ideation can be understood based on suicidality as a continuum with suicidal ideation, plan, attempts, and completion. 39 In addition to the major findings of this study, high job grade and high educational level were statistically associated with the absence of suicidal ideation in analysis models 1, 2, and 3 of the hierarchical logistic regression analyses of all participants with suicidal ideation as the dependent variable, although they became statistically non-significant in analysis model 4. Firstly, lower job grade may be associated with other adverse working conditions that increase suicidality, such as low control, monotony, high job strain, and workplace bullying. [4] [5] [6] Regarding educational level, there is the implication that it is negatively associated with occupational stress among workers. 40, 41 A previous study with a large sample of workers in 16 European countries (n=13,695) reported a consistent link between low educational levels and high work stress. 29 Intellectual skills, which could be associated with educational level, play an important role in choosing adaptive coping strategies when faced with workplace stress. 42 Intellectual strengths can provide psychosocial resources for individuals to experience an increased sense of control and self-efficacy and lower stress levels. 43, 44 Therefore, these play a role as protective factors for suicidality among workers. 45 
Limitations
Several limitations should be considered when interpreting the results of this study. First, we measured participants' suicidality using simple yes or no questions asking whether they had experienced suicidal ideation, had suicide plans, and made suicide attempts. There have been many instruments of varying character and length for assessing suicidal ideation or intent. 46 Some include just a few elements and others contain more than 20 elements. As suicidal ideation and intent vary in severity and their degree is clinically meaningful, the dichotomous measurements used to assess suicidality in this study have limitations. In addition, because important independent variables, including KOSS-SF, CES-D, BAI, and K-CD-RISC scores, were used as continuous variables, we were unable to demonstrate their linear associations with suicidality, which could have been possible if suicidality had been measured by a rating instrument. However, there is controversy regarding the adequacy of the positive predictive value of suicidal behaviors using clinical instruments, even in more detailed questionnaires. 47 In addition, non-suicidal self-injury could have been included as a group of people who attempt suicide in this study. Second, since the study used a self-reported survey, reporting bias may be a concern. Third, the current study did not collect data on various sociodemographic factors such as socioeconomic status, personal life stress outside work, and psychiatric comorbidities such as substance use disorder, impulse control disorder, and personality disorder, which may affect suicidality. Risk factors for suicidality including a family history of suicide and childhood abuse were also not examined in this study. Fourth, the current study did not collect data on various job-related factors such as work hours and workplace atmosphere, which can potentially influence suicidality. Finally, this study on resilience has the limitation of utilizing a crosssectional design. Resilience can be understood as having both "trait-like" and "state-like" characteristics. Therefore, causality here may be limited. 8 Therefore, to confirm and generalize the results of this study, further longitudinal studies using a larger number of participants and objective assessment tools that control for latent confounding factors are needed.
Conclusion
In this study, we found that a high level of resilience was associated with a low incidence of suicidal ideation in Korean workers. Based on these results, we suggest the need to develop and implement interventions to improve resilience in the workplace, thereby protecting workers, especially those with a high level of work stress, from suicidal ideation. Future research should focus on the development of interventions to promote resilience among workers in the workplace.
